On the basis of a theoretical study on coagulation of colloid particles, we succeeded in 1964 in producing in vitro a gallstone-like concrement of calcium bilirubinate from sediment of human bile.' Later, we applied the same theory to experimental formation of a persimmon-bezoar, with a satisfactory result.2 This paper describes results of our recent experiment on coagulation of a suspen sion of precipitated calcium carbonate. This experiment was undertaken to elucidate the mechanism of formation of the biogenous concrements consisting chiefly of calcium carbonate, e.g., some varieties of urinary calculi, salivary calculi, pancreatic calculi, phleboliths and gallstones. MATERIALS AND METHODS
Materials
Calcium carbonate: Precipitated calcium carbonate of guaranteed purity (Daiichi Chemical Co.) was used. The compound was ground to fine powder by a mechanical porcelain mortar and agitated with distilled water to make a suspension.
Coagulating agents: The compounds which were tested for their activities to coagulate the suspension of calcium carbonate were as follows. Inorganic compounds : sodium chloride, calcium chloride and aluminium chloride. Organic compounds: sodium alginate, Separan 2160 (American Cyanamide Co.), Superfloc 16 (American Cyanamide Co.), Konanfloc ZH (Konan Chemical Co.) and egg albumin. Chemical reagents of analytical grade were used unless the manufacturer was specified.
Methods
Measurements: Electrophoretic mobility of the particles of calcium carbonate was measured with a microscopic electrophoretic apparatus and the c-potential calculated according to the Smoluchowski equation as in the previous study.1 pH was measured by a glass-electrode pH meter.
Evaluation of coagulating effect: Two grams of the powdered calcium carbonate was taken in a graduated glass cylinder of 25 ml capacity and mixed with an arbitrary amount of distilled water. After addition of the coagulant to be tested, the total amount was adjusted with distilled water to 25.0 ml. The mixture was then stirred gently with a glass rod and left standing at room temperature for two hours, during which period the sedimentation volume and turbidity of the supernatant were recorded at intervals as measures of coagulat ing effect of the added reagent.3 The turbidity of supernatant was expressed on an arbitrary five-point scale as -, +, ??, ?? and ?? .
Experimental production of calculus-like concrements: An aqueous suspen sion containing 4.0 g of precipitated calcium carbonate and calculated quanti ties of certain coagulating agents in a total amount of 50.0 ml was prepared in a 50 ml Ellenmeyer flask, and the system was rotated around the axis of the flask at 6 r.p.m.
RESULTS

1.
Effect of the coagulating agents was more than 10-3 M, aluminium chloride yielded the largest sediment, calcium chloride the next largest and sodium chloride the smallest.
The change in c-potential of the suspending particles of calcium carbonate brought about by addition of inorganic electrolytes is shown in Fig. 2 reversed it from positive to negative at about 10-3 %, indicating specific adsorp tion of these polyelectrolytes to the surface of the calcium carbonate particles. Egg albumin had a similar but relatively mild effect. In sedimentation of the calcium carbonate suspension by organic high-mole cular-weight coagulating agents, the clarity of the supernatant varied consider ably with the kind and concentration of the added substance. In general, increase of the concentration accelerated the sedimentation rate but, at the same time, resulted in an increased turbidity of the supernatant as indicated in Table 1 . functional carboxyl groups, and combines a large number of particles because of its molecular structure resembling a fiber. Although the mechanism of enhance ment of the above coagulation by addition of calcium chloride is still obscure, we assume that calcium chloride causes coiling of the molecule of sodium alginate adsorbed to the calcium carbonate particles and thus makes the coagulate more compact. On the other hand, the reason why calcium chloride exhibits an adverse effect when applied prior to addition of sodium alginate may be explained by the assumption that, in this case, the latter is partly precipitated as calcium alginate and its effective concentration is therefore decreased. At any event, interaction between inorganic and organic coagulants is very delicate and this should be an interesting subject of colloid chemistry. On the above-mentioned theoretical and experimental bases, we have succeeded in producing calculus-like concrements of calcium carbonate in vitro. This apparently suggests that calcium carbonate stones are formed in the living organism by principally the same mechanism. Of the coagulating agents used in experimental production of the concrements, sodium alginate and other linear polyelectrolytes are foreign to human being. But, it is not unlikely that high-molecular-weight organic substances with similar coagulating effects exist endogenously in body fluid and increase in concentration in some pathological conditions, as is expected from the fact that acceleration of the erythrocyte sedimentation rate is due to an increase of a plasma component that promotes aggregation and sedimentation of blood cells.10 This study has also justified a theory on calculus formation which we previously established during experimental formation of concrements of calcium bilirubinate and published as "Solidification Theory by Maki and Suzuki".1
